Background: Lanthanum carbonate (LC), an effective phosphate (P) binder, is widely used to manage hyperphosphatemia in hemodialysis patients. However, the long-term safety of LC treatment in clinical practice has not been completely established. Methods: In an observational multicenter study, we retrospectively investigated the long-term tolerability in Japanese hemodialysis patients who had completed a 3-year phase III extension study of LC. Among 39 patients who completed the phase III extension study, those who gave written informed consent to allow a retrospective examination of their medical records for up to 8 years were enrolled. During the period spanning 2009 to 2013, a tolerability assessment was performed by monitoring adverse events, laboratory parameters, and vital signs.
Background
In chronic kidney disease (CKD) patients, urinary excretion of phosphate (P) is compromised due to renal failure, and hyperphosphatemia is therefore likely to occur. When hyperphosphatemia persists for a prolonged period, the risk of cardiovascular disease due to vascular calcification increases, resulting in extremely poor patient prognosis [1] [2] [3] [4] [5] . Consequently, the longterm management of the serum P concentration in dialysis patients is considered to be an important risk management item for improving patient prognosis. The "Clinical Practice Guideline for the Management of Chronic Kidney Disease-Mineral and Bone Disorder" published by the Japanese Society for Dialysis Therapy (JSDT) recommends that serum P concentrations be managed within the range of 3.5 to 6.0 mg/dL [6] .
Lanthanum carbonate (LC), an effective non-calcium (Ca) P binder (PB), is widely used to manage hyperphosphatemia in patients with CKD on dialysis. Studies evaluating the efficacy and safety of LC administration over 2, 3, and 6 years have consistently reported that LC is well tolerated with no evidence of safety-related issues [7] [8] [9] [10] . Despite this evidence supporting its safety, concerns over the long-term safety of LC persist because some reports have suggested the potential risks of lanthanum (La) deposition and toxicity in the gastrointestinal tract, bone, liver, and central nervous system [11] [12] [13] [14] [15] . These safety concerns would appear to be at least partially based on the known toxicities of aluminium (Al)-containing P binders (PBs), which were commonly used between 1970 and 1990 . Accumulation of Al due to long-term use of these binders in patients with CKD caused serious complications including encephalopathy, osteomalacia, proximal myopathy and microcytic anaemia [16] . Consequently, Al-containing PBs were contraindicated in 1992 for use in dialysis patients. A recently reported systematic review and metaanalysis of randomized controlled trials concluded that LC is well tolerated and more effective than placebo on a short-term basis in the treatment of hyperphosphatemia in dialysis patients, but its long-term tolerability and safety still needs further investigation [17] .
Therefore, in this observational multicenter study, we retrospectively investigated long-term (for up to 8 years) tolerability in Japanese hemodialysis patients who had completed a 3-year clinical study of LC [10] .
Methods

Study design and patients
This was a retrospective, observational multicenter study conducted at 10 Japanese dialysis facilities in patients with end stage renal disease (ESRD) undergoing hemodialysis and who had completed the 3-year phase III extension study of LC. The phase III study consisted of the original 1-year open-label study [18] and an additional 2-year open-label study [10] . One hundred and forty-five patients were enrolled in the phase III study, and after 1 year of treatment, 63 patients continued with further LC treatment for up to 3 years [10] . Among the 39 hemodialysis patients who completed the phase III study, patients who gave written informed consent to allow the retrospective examination of their medical records for up to 8 years (including the 3-year period of the phase III study) were enrolled in this follow-up observational study. Five patients who were assigned to placebo during the 6-week double-blind phase were excluded from being potential study candidates. The original 1-year study was performed during 2005 and 2006, and an additional 2-year study was performed from 2006 to 2008. The study period of this follow-up observational study was from 2009 to 2013. The study was registered in UMIN-CTR: UMIN000015227.
Assessments
Using medical records, patient history including underlying diseases was examined at baseline of the phase III study. The primary endpoint was incidence of adverse events over a period of up to 8 years. Additionally, we investigated changes in the dosage of LC and PB other than LC and cinacalcet and the changes in biochemical and hematologic parameters and vital signs.
Statistical analysis
All variables were analysed by calculating descriptive statistics: frequency tables for categorical variables and the mean, standard deviation (SD) for continuous variables. The mean changes from baseline and their two-sided 95 % confidence intervals were calculated for laboratory parameters and vital signs. Comparisons between continuous variables were performed using the Wilcoxon signed-rank test and paired t test. In addition, we performed an ANOVA test. A value of p < 0.05 was considered to be statistically significant.
Ethics
The study was conducted in accordance with principles that have their origin in the Declaration of Helsinki and the Ethical Guidelines for Clinical Studies published by Ministry of Health, Labour and Welfare. The central institutional review board at Wakayama Medical University approved the study protocol, and written informed consent was obtained from each patient before the enrollment. The investigators retrospectively examined the patients' medical records in a manner that fully protected the patients' privacy.
Results
Study patients
Among the 34 patients who enrolled in this follow-up observational study, 30 patients were included for analysis, and 4 patients whose data were not available were excluded from analysis. The excluded patients consisted of 2 patients lost to follow-up, 1 patient who had a renal transplantation, and 1 patient who withdrew consent. Table 1 shows the baseline demographic characteristics of the 30 study patients. The average age was 54.7 years, and the male/female ratio was 21/9. The mean time on dialysis was 98.0 months, and the most common underlying disease was chronic glomerulonephritis, which was present in 50.0 % of patients. A significant proportion of patients had complications commonly associated with dialysis such as renal anaemia, hypertension, and secondary hyperparathyroidism (86.7, 76.7, and 70.0 %, respectively). The mean serum P, corrected Ca, and intact parathyrois hormone (PTH) concentrations were 7.8, 9.3, and 283.1 pg/mL, respectively.
Changes in the dosage of phosphate binders and cinacalcet
Following manufacturing and marketing approval in October 2008, LC was launched onto the market in March 2009. This meant that LC had not been released for general clinical use during the final stages of the phase III study. Thus, LC could not be used for a certain period until it was adopted by dialysis facilities following its release onto the market.
The mean dose of LC at the start of the phase III study was 1700.0 ± 879.4 mg/day. This dosage was generally maintained during the phase III study, but was reduced following the phase III study because 18 of 30 patients (60.0 %) received LC with or without some other PBs such as Ca carbonate or sevelamer hydrochloride. In 10 of 30 patients (33.3 %), the PB was switched from LC to another PB, and in 2 of 30 patients (6.7 %) PB was no longer used. After cinacalcet was launched in January 2008, there was a steady yearly increase in the number of patients receiving this drug during the follow-up observational study. The mean dose of cinacalcet at the start of the follow-up observational study was 40.0 ± 12.9 mg/day, and this dose was generally maintained for the duration of the study ( Table 2) .
Incidence of adverse events
Drug (LC)-related adverse events that occurred during the phase III study are listed in Table 3 . Sixteen patients (53.3 %) experienced a drug-related adverse event during the phase III study. None of the 30 patients experienced any drug-related (any PB including LC) adverse events during the 5-year follow-up observational study.
A total of 16 patients experienced 103 cases of drugrelated adverse events, but all of these events except for 1 event were not serious. The 1 serious adverse event was constipation reported as "worsening of constipation" by the investigator and which resolved without treatment. The most common drug-related adverse events were nausea and vomiting, which occurred in 12 patients (40.0 %).
Serious adverse events that occurred during the phase III study and 5-year follow-up observational study are listed in Table 4 . None of these serious adverse events except 1 event (constipation mentioned above) were drug-related. There were 3 deaths. The causes of death were cardiac failure (2 cases) and 1 case of pneumonia. Two patients (6.7 %) experienced a serious adverse event during the phase III study. During the 5-year follow-up observational study, 5 of 18 patients (27.8 %) who continued LC use and 3 of 12 patients (25.0 %) who did not continue LC (10 patients switched to another PB and 2 patients did not use PB) experienced serious adverse events.
Mean serum P concentrations Figure 1 shows the changes from baseline (at the start of phase III study) in mean serum P concentrations during the 8-year study period. Mean serum P concentrations Data are given as mean ± standard deviation, range and number decreased from 7.8 mg/dL at baseline to 5.2 mg/dL after 3 years and 5.3 mg/dL after 8 years, thus remaining within the management target range (3.5-6.0 mg/dL) recommended in the JSDT guidelines [6] during the entire study period (Fig. 1a) . The mean serum P concentration in patients who continued LC use did not differ significantly from that observed in the patients who did not continue LC (Fig. 1b) .
Laboratory parameters and vital signs
Laboratory parameters and vital signs of all patients are shown in Table 5 . Several parameters and vital signs showed statistically significant changes after 4 or 8 years.
Of those parameters, the decrease in intact PTH and blood pressure would appear to be clinically significant. The mean changes from baseline after 8 years were −103.45 pg/mL, −18.83 mmHg (systolic blood pressure (SBP)), and −13.39 mmHg (diastolic blood pressure (DBP)), respectively. Table 6 shows the laboratory parameters and vital signs of patients who continued to receive LC. In those patients, the summary statistics did not differ from those observed in all patients.
Discussion
LC is widely used to manage hyperphosphatemia in patients with CKD on dialysis and has contributed to improved clinical outcomes in these patients. The short-term safety profile of LC has been reported [19] ; the most common adverse events of LC-and Ca- Some studies were evaluated the efficacy, tolerability, and safety of LC monotherapy over 2 years [7] , 3 years [8] , and 6 years [9] have consistently reported that LC is well tolerated, with no evidence of safety concerns. The majority of LC adverse drug reactions were related to the gastro-intestinal tract (mainly nausea, diarrhoea, and flatulence) [9] and are primarily mild/moderate in severity, consistent with those observed with other phosphate binders. However, there is no insufficient safety data for a prolonged period or for Japanese.
Accordingly, the authors think that it is important to accumulate more evidence of the long-term effects of LC treatment in the clinical practice and explore how LC can be used for a prolonged period in a safe and appropriate manner.
Therefore, we retrospectively investigated the longterm tolerability of LC among Japanese hemodialysis patients who completed the phase III study study of LC treatment, in an observational multicenter study in order to follow safety outcomes for further 5 years regardless of these patients' LC administration. In this follow-up observational study, 18 of 30 patients (60.0 %) received LC with or without some other PBs, and in 10 of 30 patients (33.3 %), the PB was switched from LC to another PB and in 2 of 30 patients (6.7 %) PB was no longer used.
During the phase III study, LC-related adverse events occurred in 16 patients (53.3 %); however, no adverse events that were considered by the investigators to be related to any PB, including LC, were reported during the 5-year follow-up observational study. Although the dosage of LC was reduced in some patients and other patients switched to another PB from LC after the phase III study, these results strongly suggest that no evidence exists of delayed adverse events after 3 years of LC exposure or any increase in the incidence of LC-related adverse events with increasing LC exposure.
The most common drug-related adverse events that occurred during the phase III study were vomiting and nausea, which are already known to be common adverse events associated with LC [20] ; however, there were no treatment discontinuations due to gastrointestinal adverse events. Hutchison et al. reported that no gastrointestinal events occurred in US patients after 3 years of LC exposure or in European patients after 4 years of exposure [9] . These results indicate that long-term LC treatment is possible provided gastrointestinal events that tend to occur more frequently in the early phase of treatment can be controlled. Another potential safety concern of LC treatment is toxicity in bone, liver, and the central nervous system [11] [12] [13] [14] [15] . The long-term safety profile of LC in hemodialysis patients receiving treatment for up to 6 years have been reported and appear to show no evidence of adverse effects on the liver, bone, or the central nervous system [9] .
Two patients (6.7 %) during the phase III study, 5 of 18 patients (27.8 %) who continued LC use and 3 of 12 patients (25.0 %) who did not continue LC experienced a serious adverse event during the 5 year follow-up observational study; however, all of these events except for 1 were not drug-related. The types of serious adverse events are those peculiar to dialysis patients with multiple complications. There was no difference in frequency of serious adverse events between patients who continued LC and patients who did not continue LC.
La deposition in a mesenteric lymph node found at autopsy of an ESRD patient 3 years after LC administration was reported [21] . Although the clinical significance of this deposition of La is not clear, further investigation of its potential long-term toxic effects is needed. Thus, the long-term safety of LC treatment, especially in clinical practice, has not been completely established. In recent years, several case reports about La deposition in gastric mucosa have been published [22] [23] [24] [25] . Although Data are given as mean ± standard deviation (n) CI confidence interval V.S. At the start, ***P < 0.001, **P < 0.01, *P < 0.05 Table 6 Laboratory parameters and vital signs of patients who continued LC use Parameters Start 1 year after 2 years after 3 years after 4 years after 5 years after 6 years after 7 years after 8 years after P (mg/dL) 8.4 ± 1.3 5.0 ± 1.0*** 5.4 ± 0.9*** 5.1 ± 0.9*** 5.7 ± 0.7*** 5.7 ± 0.9*** 5.5 ± 1.3*** 6.0 ± 1.5*** 5.5 ± 1.3*** every report indicated for lanthanum deposition in gastric mucosa, there is no relationship to gastrointestinal symptoms. In a nod to these reports, further long-term and large number observation should be needed. Although several laboratory parameters showed statistically significant changes after 4 or 8 years, none of these parameters except for intact PTH and blood pressure were clinically significant when the mean changes from baseline and their confidence intervals are taken into account. At the start of the follow-up observational study (2009), a pronounced decrease of more than 100 pg/mL in intact PTH was observed. This decrease may be due to the introduction of cinacalcet in 2008. Both systolic blood pressure (SBP) and diastolic blood pressure (DBP) also decreased significantly after 3 years. Although it is unknown why a clinically significant decrease in blood pressure was observed, the degree of decrease in SBP and DBP after 8 years (i.e. SBP −18.83 mmHg, DBP −13.39 mmHg) was a positive effect.
The serum P concentrations were maintained within the management target range (3.5-6.0 mg/dL) recommended in the JSDT guidelines [6] for the entire 8 years. The longterm therapeutic effects of LC and other PBs on hyperphosphatemia were also confirmed in this study.
Hyperphosphatemia has been shown to increase mortality among patients with CKD [26] . Given this finding, management of serum P in patients with CKD has been recognized as a treatment priority. Recent data suggest improved survival when PB is used in the dialysis of patients [27, 28] . The results of other studies also suggest that there is a survival benefit associated with LC treatment [29, 30] .
The present study has several limitations, the first of which is selection bias. We selected the patients who had completed the phase III study of LC, so we cannot exclude the possibility that only patients with no safety issues were enrolled in the study. Another potential limitation, as with any other long-term follow-up study, is the small number of enrolled patients. Regardless of these limitations, the results of the present study revealed no evidence of delayed adverse events or any increase in the incidence of LC-related adverse events with increasing LC exposure. This study was might not able to put out the conclusion to safety about LC, as there were a limited number of the cases available. However, these results are valuable to evaluate LC exposure for up to 8 years.
Conclusions
In patients who completed the 3-year phase III extension study of LC, no drug-related adverse events were reported during the follow-up observational study. Both patients who continued LC use and patients who switched to another PB experienced serious adverse events during the follow-up observational study; however, there was no difference in the frequency of these events in either group and no unexpected serious adverse events were observed. The observations reported so far are short-term, and none of them cover a period of more than 10 years. Thus, it appears that further detailed investigations are needed.
